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Abstract 
In light of previous work demonstrating that stress can increase subjective drug reward in adult 
rats, the present study investigated the influence of stress on morphine conditioned place 
preference (CPP) in early-adolescent, mid-adolescent, and adult male Sprague-Dawley rats. 
Subjects in each age group were assigned to either a no stress condition or a stress condition in 
which they were exposed to an unpredictable eight-day schedule of elevated platform and 
synthetic fox odor stressors. Place conditioning then evaluated subjective morphine reward in al 
animals. Using a biased procedure, subjects were assigned to receive morphine on the initialy 
non-prefered side of the apparatus and saline on the initialy prefered side as identified at pre-
test. After eight days of conditioning in which drug presentation alternated by day (i.e., morphine 
one day and saline the next), a post-test was conducted identical to pre-test. Results comparing 
pre- and post-test time on the non-prefered side indicated no diference between stress 
conditions or age groups, though place preference was observed in al animals. Activity, scored 
as midline crosses during conditioning trials, revealed expected habituation to the motor-
suppressing efects of morphine. Although no efects of stress or age were observed on measures 
of drug conditioning, the findings suggest that duration between the end of stress exposure and 
the start of conditioning may have weakened any efect of age-dependent stress on  
morphine CPP.  
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Efects of Early-Adolescent, Mid-Adolescent, or Adult Stress on Morphine Conditioned  
 Place Preference 
Childhood maltreatment is a broad phenomenon afecting children worldwide and across 
cultures (Ronan, Canoy, & Burke, 2009). Whether describing physical, sexual, or psychological 
abuse, the term encapsulates a range of experiences that expose children to high levels of stress 
and overstimulation of fear-response neural systems (Chocyk et al., 2013). In comparison to 
stress in adulthood, early-life stress may be particularly profound because it occurs in a period of 
widespread neural development (Tyrka, Burgers, Philip, Price, & Carpenter, 2013). For instance, 
maltreatment in childhood is associated with abnormal function in stress response and emotion 
systems as wel as lower volume of structures involved in those systems such as the 
hippocampus, prefrontal cortex, and anterior cingulate cortex (Tyrka et al., 2013). Early-life 
stress is thus thought to be responsible for functional changes within the developing brain that 
increase the risk of a variety of long-term behavioral, social, and health-related problems 
(Hostinar & Gunnar, 2013). 
One possible consequence of stress in early life is increased susceptibility to drug abuse 
(Harington, Robinson, Bolton, Sareen, & Bolton, 2011). Data from a 2009 national survey 
indicated that adolescents with a history of child abuse or neglect were three times more likely to 
develop a substance use disorder than peers without a history of maltreatment (Substance Abuse 
and Mental Health Services Administration, 2010). Other research has consistently supported 
this connection. In a longitudinal, large-sample study, Harrington et al. (2011) found that al 
categories of childhood adversity (i.e., physical abuse by a caretaker, physical abuse by a non-
caretaker, neglect by a caretaker, violence in the home, and sexual abuse) predicted higher rates 
of incident drug use in adulthood. It is therefore important that research examines the 
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relationship between stress and drug use, particularly in regards to the impact of stress at various 
developmental stages.  
Childhood Adversity 
 According to the most recent report on child maltreatment in the United States by the 
U.S. Department of Health and Human Services (2015), during the year 2013 Child Protective 
Services received approximately 3.5 milion referals of suspected child abuse or neglect, of 
which 2.1 milion were pursued as oficial reports. Subsequent investigations involved 3.2 
milion children of whom 679,000, or 0.91% of the child population in the country, were 
determined to be victims (U.S. Department of Health and Human Services, 2015). However, this 
statistic is likely a vast underestimate of the actual incidence of child maltreatment given that the 
data rely on outsider observations rather than self-report, many children do not disclose, some 
children who do disclose may never be part of an investigation (e.g., if the disclosure is not 
believed), and some cases involving perpetrated abuse or neglect may be abandoned due to lack 
of evidence or other factors (Brooker, Cawson, Kely, & Watam, 2001). 
 Demonstrating the importance of diferentiating self-report from informant reports, a 
cross-cultural meta-analysis involving 111 countries and 9,698,801 participants found that 
whereas the global prevalence of child physical abuse as reported by informants was 0.3%, the 
self-reported rate was 22.6% (Stoltenborgh, Bakermans-Kranenburg, IJzendoorn, & Alink, 
2013). The rate of reported abuse was found to vary widely depending on certain factors such as 
the broadness of the definition of child physical abuse, the number of questions asked, the age of 
participants, and the range of years on which participants were asked to report (Stoltenborg et al., 
2013). However, the rate did not vary significantly between genders or geographical locations 
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(Stoltenborg et al., 2013). The prevalence of child sexual abuse is also dificult to determine, 
perhaps due to similar variations in survey methods, although reported statistics across cultures 
are often close to 10% (Pérez-Fuentes et al., 2013; Ronan et al., 2009). In general, research 
supports the principle that neglect is the most common form of child maltreatment, folowed by 
physical abuse and then sexual abuse (Ronan et al., 2009).  
 Despite the lack of consensus on the exact prevalence of early-life abuse, neglect, and 
trauma, numerous children every year are exposed to increased risk for a range of negative 
physical and mental health outcomes through early adversity (Harington et al., 2011). A 
substantial body of literature demonstrates that various types of childhood adversity, including 
abuse, neglect, parent psychopathology, and death of a parent, are associated with later drug use 
and drug use disorders, even when controling for sociodemographic diferences (e.g., Myers, 
McLaughlin, Wang, Blanco, & Stein, 2014; Harington et al., 2011; Cuijpers et al., 2010; 
Douglas et al., 2010). This association has been explained using a stress-sensitization version of 
the diathesis-stress model, which argues that exposure to stressful events during childhood 
permanently changes stress response systems, sensitizing the individual so that substance use 
disorders and other psychopathology are more easily developed later in life (Hammen, Henry, & 
Daley, 2000).  
The neurobiological processes involved in the relationship between childhood adversity 
and drug use may be related to altered neuroendocrine function (Tyrka et al., 2013). More 
specificaly, early adversity is associated with altered functioning of the hormone cortisol and the 
hypothalamic-pituitary-adrenal (HPA) axis, both major contributors to neural and behavioral 
stress responses (Tyrka et al., 2013). Further, rodent models have revealed an association 
between stress and decreased brain-derived neurotrophic factor, which is important for normal 
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neuron function, and neuroimaging studies of human children and adults have demonstrated 
abnormalities in the prefrontal cortex, corpus calosum, amygdala, and hippocampus in relation 
to severity of childhood adversity (Tyrka, et al., 2013). As these regions are implicated in 
afective and cognitive processing, the findings suggest that early adversity may impair function 
in frontal cortical structures that exercise inhibitory control over the limbic system.  
Animal Stress Models 
 Although technological advances such as neuroimaging and salivary cortisol testing have 
expanded the potential for human studies of stress, animal research remains an important 
experimental avenue when ethical constraints restrict the extent of human research (Hostinar & 
Gunnar, 2013). Many stress techniques have been developed for use with rodents and other 
laboratory animals, divided generaly into the physical and the psychological (Heinrichs & Koob, 
2007). Common models of physical stressors include forced swim, restraint, and electrical shock 
to the foot or tail, whereas psychological stressors include maternal separation, social isolation, 
intruder conflict, and sleep deprivation (Heinrichs & Koob, 2007). Many other valid though 
perhaps less frequently used stressors have been developed, such as startling noises, dietary 
restriction, predator odor, infection, and poisoning (Heinrichs & Koob, 2007).  
In stressor paradigms, experimental control can vary across several factors, with diferent 
outcomes emerging through the manipulation of predictability, controlability, intensity, and 
duration of the stressor experience (Koolhaas et al., 2011). Uncontrolable and unpredictable 
stressors have a greater biobehavioral influence than stressors that the subject can at least 
partialy anticipate and control, and this diference is marked enough that some researchers have 
argued that the terms “stress” and “stressor” should only be applied to unpredictable and 
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uncontrolable conditions (Koolhaas et al., 2011). Duration of stressor is another important 
consideration, for example, chronic exposure to stress may increase predictability and thus alow 
for habituation (Koolhaas et al., 2011). However, when uncontrolable, chronic stress can have 
dramatic behavioral efects as demonstrated by the production of learned helplessness, an animal 
model approximation of depression (Seligman & Maier, 1967). Stressors may also vary in 
intensity from mildly distressing to life-threatening, although response to the stressor is 
dependent upon subjective perception of the event’s intensity (Koolhaas et al., 2011). Finaly, 
age is another important factor in research as the specific efects of stress may difer depending 
on the developmental age when stress occurs, and some research suggests that early-life stress 
has a greater impact than stress during adulthood (Wilkin, Waters, McCormick, & Menard, 
2012).  
Given the variety of factors involved, stress paradigms can be selected to address specific 
research questions. For instance, some danger-related stressors are designed to induce a fear 
response and have been used in the study of aggression, fear conditioning, and stress-related 
changes in the brain (Caudal, Jay, & Godsil, 2014; Endres & Fendt, 2007; Márquez et al., 2013). 
In one study using two fear-inducing stressors, elevated platform and synthetic fox odor, 
Márquez et al. (2013) exposed male peripubertal rats to an unpredictable stressor schedule over 
seven stress days applied during a fifteen-day peripubertal period (postnatal day (P) 28-42). On 
some stress days just a single stressor was presented, while on other days animals were exposed 
to both, and stressor exposure varied in order and timing of presentation from day to day 
(Márquez et al., 2013). The researchers found that animals exposed to stressors exhibited more 
aggression in resident-intruder tests during adulthood as wel as significant hyperactivity in the 
amygdala and hypoactivity in the medial orbitofrontal cortex when compared to non-stressed 
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controls (Márquez et al., 2013). Although the original focus of this stress manipulation was to 
study the efect of early-life stress on adult aggression, the procedure may be useful for 
adaptation to other studies involving peripubertal stress. 
 Place Conditioning  
 The place conditioning paradigm is a form of Pavlovian conditioning used to investigate 
the rewarding or aversive properties of a given stimuli (Cunningham, Gremel, & Groblewski, 
2006). Most often used with rodents, the paradigm can be adapted to discover the motivational 
efects of a wide variety of objects (e.g., toys or food) as wel as experiences (e.g., footshock or 
brain stimulation) but is most commonly used to study cues associated with drug states in 
animals (Cunningham et al., 2006). As a form of classical conditioning, the paradigm involves 
pairing a drug, the unconditional stimulus (US), with environmental cues, the neutral stimulus 
(NS) (Cunningham et al., 2006). After repeated pairings of the NS and US, the NS eventualy 
becomes the conditional stimulus (CS) and elicits the conditional response (CR), either 
preference or aversion (Cunningham et al., 2006).  
Place conditioning requires the use of a specialy-built apparatus with at least two distinct 
environments, often distinguished with diferently colored wals (e.g., black vs. white) and 
dissimilar floor textures (e.g., grid vs. hole) (Cunningham et al., 2006). Some versions of the 
apparatus may employ olfactory cues such as pine vs. corn bedding (Prus, James, & Rosecrans, 
2009). The apparatus alows subjects to associate the presence (CS+) and absence (CS-) of the 
conditional stimuli with specific cues by pairing presentation of the drug with one environment 
and absence of the drug with the other (Cunningham et al., 2006). This apparatus design alows 
researchers to observe whether an animal has developed preference or aversion depending on its 
DEVELOPMENTAL	  STRESS	  MORPHINE	  CPP	   	   	   	   8	  
	  
	  
	  
choice of location when alowed free movement between the apparatus’ distinct environments, 
usualy in the drug-free state (Cunningham et al., 2006). The subject is more likely to spend time 
on the CS+ when the US is rewarding (conditioned place preference, CPP) but less time on the 
CS+ when the US is aversive (conditioned place aversion, CPA) (Cunningham et al., 2006). 
The selection of cues in the place conditioning apparatus is important because diferent 
stimuli can afect subjects’ unlearned preference for a particular environment (Cunningham et 
al., 2006). An unbiased apparatus (i.e., one that produces no natural preference) is thus usualy 
prefered to avoid floor or ceiling efects and to maximize the detection of either drug-induced 
preference or aversion to cues (Cunningham et al., 2006). Assignment of animals to the drug-
paired apparatus environment may also be biased or unbiased. In an unbiased procedure, one 
environment is paired with the drug for a randomly selected half of subjects, and the remaining 
half are assigned to receive the drug in the alternate environment (Cunningham et al., 2006). In a 
biased procedure, subjects are assigned to receive the drug on the initialy non-prefered side of 
the apparatus (Cunningham et al., 2006). An unbiased procedure alows observation of the direct 
response to the US, whereas a biased procedure may only reveal the ability of the US to reduce 
aversive properties of cues or increase a subject’s initial preference for cues (Cunningham et al., 
2006). Although an unbiased procedure is ideal, a biased procedure may be selected for logistical 
reasons as unbiased assignment requires more animals. 
One alternative to place conditioning is the self-administration paradigm, which is based 
on the operant conditioning principle that drug reward reinforces drug-taking behaviors (Panlilio 
& Goldberg, 2007). In this model the subject performs a response (such as a lever press) that 
results in drug delivery, typicaly through an intravenous catheter (Panlilio & Goldberg, 2007). 
Both place conditioning and self-administration are widely accepted and emp loyed in animal 
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studies involving drugs, with the decision to use one or the other depending on the goals of the 
research (Cunningham, Fidler, & Hil, 2000). For example, the self-administration model 
exhibits high face validity for human drug use in that animals are alowed to choose the amount 
and rate of drug delivery, but place conditioning alows a specific focus on the processes of 
learning and memory in drug use as wel as greater control by researchers over the dose, 
administration schedule, and exposure to environmental cues (Cunningham et al., 2006). Other 
advantages of place conditioning include its sensitivity to both preference and aversion, eficacy 
with low doses, relatively short experimental time, potential for measuring changes in locomotor 
activity, and capacity to study drug-naïve animals (Cunningham et al., 2006). 
Efect of Stress on Place Conditioning 
 The place conditioning paradigm is easily adapted to study the influence of stress on drug 
reward. Whether stress potentiates or atenuates morphine CPP appears to vary depending on a 
variety of factors, including stressor duration (e.g., chronic vs. acute), type of stressor, and age of 
stressor exposure (Bali, Randhawa, & Jaggi, 2015). Indicating that acute stressors can have a 
potentiating efect on opioid CPP, Der-Avakian et al. (2007) found that a single, inescapable 
tailshock twenty-four hours before conditioning produced enhanced oxycodone CPP in adult rats 
when compared to non-stressed controls. A similar study by Wil, Watkins, and Maier (1998) 
demonstrated that acute, inescapable tailshock potentiated morphine CPP even when the start of 
place conditioning was delayed for seven days after stressor exposure. In both studies, the 
uncontrolability of the stressor was found to be necessary for CPP potentiation (Der-Avakian et 
al., 2007; Wil et al., 1998). Other acute stressors, such as short-term food deprivation, have been 
show to robustly enhance morphine CPP (Gaiardi, Bartoleti, Bacchi, Gubelini, & Babbini, 
1987). 
DEVELOPMENTAL	  STRESS	  MORPHINE	  CPP	   	   	   	   10	  
	  
	  
	  
 Chronic social isolation has been found to diferentialy impact morphine CPP depending 
on when animals were exposed to the stressor procedure, and not al chronic stress has been 
found to potentiate morphine CPP. Subjects reared in isolation exhibit atenuated opiate CPP, 
potentialy due to decreased opioid receptor binding in the brain, whereas animals isolated after 
rearing showed no efect of stress on place conditioning (Lu, Shepard, Hal, & Shaham, 2003). In 
a model of chronic mild stress, Papp, Lappas, Muscat, and Wilner (1992) demonstrated stress-
atenuated morphine CPP but no efect of stress on naloxone (opioid antagonist) or picrotoxin 
(GABAA antagonist) CPA. The alteration in behavior was thus interpreted as a response to 
diminished drug reward rather than an impairment of associative learning (Papp et al., 1992). 
There is some evidence that morphine CPP may be enhanced by long-term food restriction, 
another chronic stressor, although more data is necessary to draw conclusions as initial studies 
have showed mixed results (Lu et al., 2003). 
 Age of stressor exposure can be an important factor in determining the strength and 
direction of place conditioning. Although many stressors are designed for use with adult animals, 
the common clinical finding in human studies that early-life stress is a risk factor for child abuse 
(e.g., Cuijpers et al., 2010; Harington et al., 2011; Myers et al., 2014) has prompted the 
development of animal models of early childhood stress. Using a maternal separation model, 
Michaels and Holtzman (2008) found that neonatal ofspring removed from their mothers for 
several hours each day from P2 to P12 developed greater morphine CPP later in adulthood, when 
place conditioning was started at approximately P90. However, litle research has compared the 
effects of stress on morphine CPP between animals stressed at diferent developmental stages. 
Some studies with ethanol have demonstrated a greater increase in CPP folowing stress in 
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adolescent mice when compared to adult mice (Song et al., 2007), but the relationship between 
age at time of stress and morphine CPP remains unexplored. 
Developmental Stages in Rats 
 To test the hypothesis that stressors may interact diferentialy with various stages of 
development, it is first necessary to define those stages. According to Spear (2000), there exists 
some disagreement on the exact parameters of the rat’s stages of development, due in part to the 
finding that the developmental trajectory of the animal fails to corelate exactly with that of 
humans. For instance, childhood is brief in rats compared to humans and rats reach sexual 
maturity around P42, sooner than humans in relation to total lifespan (Sengupta, 2013). Though 
there is no complete consensus on the parameters of rat developmental stages, understanding 
these periods is necessary to ensure the validity of studies investigating age-dependent 
phenomena.  
Rather than estimating rat ontogenetic phases through their corelation with the human 
lifespan, research has shifted to using biobehavioral markers to delineate stages of development 
(Sengupta, 2013). Weaning, the mammalian process of transitioning from maternal milk to solid 
food, occurs in rats around P20 and can be considered a first milestone of postnatal development 
(Sengupta, 2013). Neurobehavioral characteristics typical of adolescence such as growth spurt, 
levels of receptor binding, and emergence from the nest in wild rats, have helped identify 
adolescence as a second stage of development (Spear, 2000). However, as adolescence is 
associated with a constelation of changes rather than any one milestone, estimates of its range 
vary depending on opinion and research focus (Spear, 2000). Cautious estimates place 
adolescence at a broad range from the age of weaning, P20, to the end of sexual maturation-
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related changes around P60; this period has been broken up by some into early adolescence 
(starting P21), mid-adolescence (starting P35), and late-adolescence/early adulthood (starting 
P45) (Spear, 2000). Given that ontogenetic changes appear to conclude around the eight week 
mark, the onset of adulthood is often operationalized as P60 in rats (Spear, 2000). 
Rationale 
 The literature indicates that stressful experiences are associated with a range of negative 
mental and physical health outcomes, particularly when stress occurs during childhood (Hostinar 
& Gunnar, 2013). One of these potential stress outcomes is the increased risk for ilicit drug use, 
abuse, and dependence, and sometimes drug-related fatality (Harington et al., 2011). In addition, 
initial studies with acute stressors suggest that opioids may be particularly sensitive to the stress-
related increase of subjective drug reward, possibly due to the stress-related sensitization of 
dorsal raphe nucleus serotonin (DRN 5-HT) neurons involved in opiate reward (Der-Avakian et 
al., 2007). Understanding the age-dependent efects of stress is therefore critical not only to the 
study of stress and drug reward but may also apply to clinical eforts in the prevention and 
treatment of substance abuse disorders. Although ethical constraints limit the extent of human 
research, animal models provide an avenue for study into the behavioral and neurological causes 
of stress.  
 The limitation of curent behavioral research into the relationship between stress and 
morphine reward is that it fails to compare the outcomes of stress occuring at diferent 
developmental stages. Research has demonstrated that, in contrast to adult stress, early-life stress 
can have a stronger neurobiological impact because of its co-occurence with important advances 
in neurodevelopment such as changes in brain regions involved in behavior and emotion (Tyrka 
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et al., 2013). Extreme or chronic stress may therefore have a greater potential to permanently 
alter developing neural pathways in early life than it does during adulthood (Tyrka et al., 2013). 
Despite the potential age diferences, most research into the influence of stress on morphine CPP 
has focused only on adult animals (e.g., Der-Avakian et al., 2007; Wil et al., 1998). One 
important exception is an initial investigation by Michaels and Holtzman (2008) in which they 
demonstrated the long-lasting potentiation of morphine CPP by early postnatal stress. 
 Accordingly, the present study compared morphine CPP folowing stress in three distinct 
developmental age groups (early-adolescent, mid-adolescent, and adult). It was predicted that 
subjects exposed to stressors would exhibit stronger morphine CPP than animals not exposed to 
stress. In addition, within the group of animals exposed to stressors, it was hypothesized that 
those stressed during early adolescence would show a stronger degree of place conditioning 
when compared to animals stressed during adulthood and mid-adolescence. Both of these 
predictions rested on the basic expectation that al subjects would display place preference for 
the drug-paired CS+. Finaly, subjects’ activity counts in the place conditioning apparatus were 
hypothesized to increase over morphine trials as animals habituated to the motor-suppressing 
efects of the drug, whereas activity over saline trials was expected to remain constant (Walter & 
Kuschinsky, 1989). 
Method 
Subjects 
Subjects were 48 naïve male Sprague-Dawley rats acquired at P20 (Harlan Laboratories, 
Indianapolis, IN). Animals were pair-housed with rats in the same age and stress conditions in 
Plexiglas cages (47.5 x 25.5 x 21 cm) with food and water available ad libitum. The home colony 
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was kept on a 12:12 light/dark cycle (lights on at 0800h) and room temperature was maintained 
at 73 ± 2° F. Al experiments were approved by the Linfield Colege Institutional Animal Care 
and Use Commitee and conformed to animal welfare guidelines. 
Stressors  
Synthetic fox odor. A stress paradigm was adapted from Márquez et al. (2013). The 
modified stress paradigm consisted of two stressors: (1) synthetic fox odor trimethylthiazoline 
(TMT; Contech Inc., Delta, BC, Canada) and (2) elevated platform (EP). TMT exposure 
occured in plastic cages (32.5 x 20 x 11.5 cm) where a Whatman grade 1 filter paper saturated 
with 10 µl of TMT was placed adjacent to the interior wal forming the width of the cage. During 
exposure, each subject was placed individualy in a cage opposite the filter paper; the cage was 
then covered with a sheet of Plexiglas (37 x 28 cm), leaving 2 cm of space uncovered at the end 
where the rat was originaly placed to alow airflow. Four cages at a time were then placed 
adjacent to one another underneath an operating fume hood for 25 minutes. Al exposures 
occured during the middle of the light cycle (1200-1600). Folowing each exposure, the plastic 
cages were cleaned with diluted soap. Subjects were observed throughout the stressor and 
monitored for severe stress response (see procedures). 
Elevated platform. The EP stressor consisted of placing each animal on a square (12 x 
12) Plexiglas platform afixed to a 95 cm tal support column. During each individual exposure 
session, a bright light bulb (Sylvania incandescent 72 W, 120 V, 1490 lumens) was placed 50 cm 
from the platform, level with the platform’s height and iluminating the platform from the side 
(Caudal et al., 2014). The base of the platform was surounded by five inches of pine shavings, 
and animals that fel of the EP during exposure were returned to the platform. Four animals 
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were run at a time in each session and were placed on individual platforms separated by 50 cm. 
EP exposures occured during the middle of the light cycle (1200-1600) and lasted for 25 
minutes; at the end of each session the platforms were cleaned with diluted soap. Animals were 
observed for severe stress response throughout the exposure time (see procedures). 
CPP Apparatus 
 The place conditioning procedure utilized four identical apparatuses (44.5 x 26.5 x 24 
cm) housed in sound-atenuating chambers (94 x 61 x 80 cm). The CPP apparatus was divided 
into halves by a sheet of Plexiglas with either a centered square cutout (10 x 10 cm) during pre- 
and post-test or no cutout during conditioning trials. The two sides of the apparatus were made 
distinct with wal color and floor texture. One side consisted of black wals and a grid floor (27 x 
29 cm; stainless steel 2.5 mm diameter bars spaced 12 mm apart) and the other side was 
distinguished by white wals and a hole floor (27 x 29 cm; stainless steel plate with 13 mm 
diameter holes spaced 5 mm apart in a staggered center patern). Wal color was achieved with 
laminated construction paper (47 x 20.5 cm). A sheet of blank white paper (21.5 x 28 cm) was 
placed under the apparatus floor cues to catch any urine or feces and was changed between trials. 
A transparent plastic lid was placed on the apparatus during al trials. In addition to preventing 
escape, the lid was scored with a solid midline dividing each side of the apparatus in half 
lengthwise to alow observation of subjects’ activity during conditioning trials. 
 Atached to the inner roof of each sound-atenuating chamber was an LED light alowing 
ilumination of the apparatus environment. Located on the right and left sides of the apparatus 
were two fans (8 x 8 x 3.5 cm; Fultech Fans, model UF80A11) designed to circulate air. The 
noise produced by the fans also contributed to sound atenuation within the chamber. A camera 
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(4 x 6 x 3 cm; EverFocus, model EM110E3) mounted to each sound-atenuating chamber roof 
directly above the CPP apparatus sent video information to an external digital recording device 
(EverFocus, model EDR410H). Video footage was displayed on a television screen, alowing 
real-time monitoring of subjects’ performance. After every trial, each apparatus was cleaned with 
diluted soap in preparation for the next animal.  
Drug 
 Morphine was obtained from the Oregon Health and Science University pharmacy. Using 
a drug solution concentration of 15 mg/ml, subjects received a moderate intraperitoneal (I.P.) 
dose of 15 mg/kg morphine during the drug-paired CS+ trials. Sterile saline solution was injected 
I.P. at an equivalent volume, 1 ml/kg, during non-drug-paired CS- conditioning trials.  
Procedure 
 Subjects were randomly assigned to one of three age groups: early-adolescent, mid-
adolescent, or adult. Importantly, these distinctions refer not to the chronological age of the 
subjects at the start of the experiment, as al animals were acquired at the identical age of P20, 
but rather to the period of development when subjects were exposed to stressors. Once the 
animals had been divided into three age groups of 16 subjects each, half of the animals in each 
age group were randomly assigned to the stress condition (S) or to the no stress condition (NS) 
(see Table 1 for a description of the group assignment conditions). Subjects were alowed a 
minimum of one day to acclimate to the novel conditions of the colony room before stressor 
exposure began. 
 The stress procedure started on P21 for the early-adolescent group, P35 for the mid-
adolescent group, and P60 for the adult group. The procedure folowed an identical schedule for 
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each age group; on a given stressor day, after weighing al sixteen animals in an age group, NS 
animals remained in the colony room while S animals underwent stressor exposure. In 
accordance with a model of unpredictable stress (adapted from Márquez et al., 2013), the eight-
day S schedule was as folows: day one, EP only; day two, EP and TMT; day three, TMT and 
EP; day four, TMT only; day five, no stressors; day six, EP only; day seven, EP and TMT; day 
eight, EP only (see Table 2 for a depiction of the stress regimen). On days with a single stressor, 
animals in the S group were returned to the colony room after stressor exposure. On days with 
two stressors, S animals were returned to the colony room with their cagemate for 15 minutes 
between stress exposures; only after the second stressor were they returned to the colony room 
and left undisturbed until weighing began the next day. Subjects were monitored for severe stress 
response, defined as a 20% loss of body weight when compared to the average weight of the NS 
group, with the predetermination that any animal exhibiting such a response would be removed 
from the study. This weight gain control alowed for developmentaly expected increases in body 
weight across both S and NS conditions. 
 Place conditioning began at P70 and occured over the span of ten days. The first and last 
days of the procedure were designated for pre- and post-test, whereas the eight intermediate days 
were conditioning trials. For pre-test, each animal was weighed and then placed in the 
conditioning apparatus with its shoulders in the open doorway of the divider between the 
chamber’s distinct W/H and B/G environments. Fifteen minutes of free movement were alowed 
between the two sides of the apparatus to discover whether animals had a natural preference for 
either environment. A transition from one side to the other was defined as the moment when an 
animal’s shoulders passed through the divider doorway as viewed from above. In accordance 
with a biased place conditioning paradigm, subjects were assigned to receive morphine on the 
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initialy non-prefered side of the apparatus (i.e., the side on which the animal spent less time 
during the pre-test session). 
 In the subsequent eight days of conditioning trials, animals were weighed and 
administered either morphine or saline before being placed in the CPP apparatus for 15 minutes. 
During al conditioning trials, subjects were restricted to a single side of the apparatus using a 
transparent divider with no opening. The side indicated depended on initial preferences identified 
at pre-test. Thus, subjects were restricted to the initialy prefered side for saline trials and to the 
initialy non-prefered side for morphine trials. Saline and morphine administration alternated by 
day so that a given animal would receive saline one day and morphine the next. 
Counterbalancing was achieved by designating half the animals in each condition to begin the 
first day of conditioning with morphine; the remaining animals in each condition received saline 
on the first day. In total, al subjects underwent four drug-paired conditioning days and four 
saline-paired conditioning days. Activity on each conditioning day was determined by counting 
the number of times each animal’s shoulders crossed the midline marker on the apparatus lid. On 
the tenth and final day of the place conditioning procedure, subjects were given a post-test 
identical to the pre-test to identify any changes in preference for the distinct apparatus 
environments.  
Research Design 
 The present study used a 2 (stress/no stress) x 2 (pre/post-test) x 3 (early-adolescent, mid-
adolescent, or adult) mixed factorial design to evaluate the influence of stress and age on 
morphine CPP. The dependent measure was time spent on the initialy non-prefered side of the 
CPP apparatus. Using an additional 2 (stress/no stress) x 2 (morphine/saline) x 3 (early-
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adolescent, mid-adolescent, or adult) x 4 (trial one, trial two, trial three, or trial four) mixed 
factorial design, the present study also investigated the overal influence of stress, drug, and trial 
day on animal activity (i.e., number of midline crosses performed by each animal during 
conditioning trials).  
Statistical Analyses 
 Data were analyzed using SPSS software. A single mixed factorial Analysis of Variance 
(ANOVA) evaluated time in seconds spent on the initialy non-prefered side of the place 
conditioning apparatus from pre- to post-test to reveal any main effects or interactions for age, 
stress, and test (pre vs. post). To examine diferences between conditions in activity counts, an 
additional mixed ANOVA was conducted to examine main efects and interactions for age, 
stress, and training day factors. Statisticaly significant main efects and interactions were then 
explored using Tukey’s post hoc tests to conduct pairwise comparisons of group means. 
Results 
Time on Non-Preferred Side 
 A statisticaly significant main efect of test was found for time spent on the non-
prefered side of the apparatus, F(1, 42) = 115.90, p < .001. No significant main efects were 
found for stress or age. The only statisticaly significant interaction found was between test and 
age factors, F(2, 42) = 4.59, p < .05. Post hoc Tukey tests revealed that, while no age groups 
difered significantly from one another at pre-test or at post-test, within each age group there was 
a significant increase in time spent on the non-prefered side from pre- to post-test (see Figure 1). 
No significant interactions were found between test and stress, stress and age, or the three-way 
relationship of test, stress, and age (see Figure 2 for depiction of overal research design). These 
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results indicate that place conditioning was observed in al subjects regardless of age or stress 
condition. 
Activity  
 A significant main efect of trial was found for activity, F(3, 126) = 5.06, p < .005. 
However, Tukey post hoc tests revealed no significant comparisons between training days. This 
lack of significant findings may have resulted from variability in the sample, or perhaps a lack of 
statistical power resulting from smal sample size. There were no other significant main efects 
for the remaining three factors of drug, stress, and age. 
A significant interaction was found between drug and trial, F(3, 126) = 101.24, p < .001. 
Tukey post hoc comparisons revealed that, for activity counts by trial day, morphine and saline 
conditions difered significantly on days one, three, and four, but were not significantly diferent 
on day two. On the first trial day, saline activity was significantly greater than morphine activity; 
however, on days three and four, saline activity counts were lower than for morphine. Within 
morphine training days, day one activity counts were significantly lower than day two, day three, 
and day four counts; in addition, morphine day two and three activity was significantly lower 
than day four activity. However, morphine days two and three did not difer significantly. For 
saline training days, mean activity on day one was significantly higher than on days two, three, 
and four; however, day two did not difer significantly from either day three or day four, and the 
comparison between days three and four was not significant (see Figure 3). These findings 
suggest opposite activity paterns for the two levels of the drug factor, with a reduction in 
activity over saline trials but an increase in activity over morphine trials, especialy relative to 
day one activity measures. 
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 There was a significant interaction between trial and age, F(6, 42) = 3.29, p < .05. Post 
hoc Tukey tests indicated that, within age groups, there were no significant diferences between 
trial days. Within trial days, however, al comparisons between age groups were non-significant 
except for on trial day one, where the early-adolescent group exhibited significantly lower 
activity counts than the adult group (see Figure 4). As this interaction colapses across S and NS 
conditions, the finding may indicate an influence of a long duration between handling and 
exposure to place conditioning for the two age groups. A significant interaction was also found 
between stress and age, F(2, 42) = 5.68, p < .05, but Tukey tests found no significant 
comparisons, perhaps the result of variability and low statistical power (see Figure 5). There 
were no significant interactions found between drug and stress, drug and age, or trial and age. 
Finaly, there were no statisticaly significant three-way interactions and the four-way interaction 
was also not significant.  
Discussion 
 The results indicate that, although morphine CPP was observed in al animals, there were 
no significant diferences in time on the non-prefered side between the S and NS conditions or 
between the three age groups. Various possible explanations exist for these unexpected findings. 
First, it is possible that stress in general has no efect on morphine CPP and thus no possibility to 
vary between age groups; however, this outcome seems unlikely given past research 
demonstrating that stress does indeed enhance opiate CPP (e.g., Wil et al., 1998; Del Rosario & 
Cancela, 2002; Der-Avakian et al., 2005; Der-Avakian et al., 2007). A more likely explanation is 
that the specific stressor paradigm used in the curent study (i.e., eight days of unpredictable 
exposure to EP and TMT) did not influence neurological processes involved in CPP, for example 
the sensitization of DRN 5-HT neurons (Der-Avakian et al., 2007). The present research is 
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therefore limited in that it fails to consider the neurobiological impact of stress. Future work 
could help understand whether unpredictable EP and TMT exposures afect the brain and, if so, 
which structures. As the present stress paradigm was adapted from a study that found that 
peripubertal stress increased aggression and was associated with hyperactivity in the amygdala 
(Márquez et al., 2013), future work could examine the brains of S and NS animals in each age 
group to understand whether stress-related diferences occur. 
 A second explanation for the nul findings is that stress does have an influence on 
morphine CPP, but that the present work failed to capture the efect. Such an outcome might 
arise from a variety of factors. For instance, the stressors used may not have been severe enough 
to influence morphine CPP. Anecdotaly, animals were observed to engage in stress-associated 
behaviors such as urination, defecation, vocalization, and cowering during stressor exposure 
(National Research Council, 1992), but objective measures were not used to evaluate the impact 
of stress. Future research should utilize biological markers of stress such as glucocorticoid 
receptor levels, which have been shown to increase after stress, to verify whether the stress 
manipulation was efective (Caudal et al., 2014). 
 Another possible explanation for a lack of efect of stress and age conditions on morphine 
CPP is that the research question focused on the efects of age-dependent stress on drug reward 
during adulthood, so the age groups unavoidably difered in duration between the end of stress 
and the start of place conditioning. That is, because al animals underwent place conditioning at 
P70, the period between stress and conditioning was just two days for the adult stress group in 
comparison to 27 days for the mid-adolescent group and 41 days for the early-adolescent group. 
This extraneous variable of time between stress and place conditioning may account for nul 
findings if TMT and EP stressors only enhance morphine CPP under certain conditions, for 
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instance if stress only potentiates morphine CPP when occuring during early-adolescence and 
when the stressor exposure is quickly folowed by place conditioning (Watson et al., 2015). 
However, since past work has demonstrated that tailshock stress potentiates morphine CPP in 
adult rats (Wil et al., 1998; Der Avakian et al., 2007) and the curent work found no efect of 
stress in any age group, it appears that the present stress paradigm either does not potentiate 
morphine CPP (regardless of age) or only does so in younger animals. Here, it should be noted 
that the study from which the stressors were adapted developed the paradigm specificaly for use 
with peripubertal rats (Márquez et al., 2013). It is therefore possible that morphine CPP could 
have been observed in the adolescent stress conditions if place conditioning had been conducted 
sooner. Indeed, previous research has demonstrated that an inescapable tailshock stressor no 
longer potentiates morphine CPP when the interval between stress and conditioning exceeds 14 
days (Wil et al., 1998). Future work should compare the influence of stress on adolescent and 
adult animals when conditioning begins soon after stress, using an equal interval for al age 
groups. 
 In regards to activity, the data coresponded with the expected outcome that subjects 
would show increased activity over morphine trials as they became habituated to the motor-
suppressing efects of the drug (Walter & Kuschinsky, 1989). This finding verifies that morphine 
administration was successful and that the dose was suficient to prompt a subjective drug 
experience. Unexpectedly, for saline trials, activity showed a significant decrease from day one 
to days two, three, and four rather than the anticipated constant level of activity. This finding 
may indicate an efect of apparatus novelty, with animals’ activity decreasing after an initially 
more active and exploratory first trial. In terms of diferences in activity between age groups, 
results indicated that the early-adolescent group was significantly less active than the adult group 
DEVELOPMENTAL	  STRESS	  MORPHINE	  CPP	   	   	   	   24	  
	  
	  
	  
on trial day one. The significant finding could also be the result of apparatus novelty, with the 
early-adolescent group (last handled 41 days prior to conditioning) displaying less overal 
activity than the adult group (handled two days before conditioning). However, if the variance 
was due to novelty, the result of decreased activity does not align with the previously reported 
finding that novelty increased activity on saline trial one. Another possibility is that the 
diference may be due instead to the recency of stressor exposure in the adult group, but the 
finding is dificult to interpret in the context of the present study. 
 Several limitations should be noted for the curent work. First, the age ranges chosen to 
represent early-adolescence, mid-adolescence, and adulthood may not corespond exactly with 
their intended periods of development. As no objective confirmation of developmental stage was 
used (e.g., molar growth, eye lens weight, musculoskeletal growth, counts of endosteal layers in 
the tibia; Sengupta, 2013), it is possible that some animals developed more slowly or more 
quickly than indicated by the ranges chosen for the study. Future work could enhance internal 
validity by using biological age markers. Also in the present work, sample size was relatively 
smal with eight animals in each condition; future research could utilize a larger number of 
animals in each condition to help reveal significant findings and to minimize individual 
variability in rates of development. 
 A final limitation of the present study is that there was no measure of the physiological 
efect of stress. A large body of research has identified a variety of biological stress efects, such 
as the increase of glucocorticoids in the HPA axis, altered secretion of prolactin, or hyperactivity 
in the amygdala folowing fear-inducing stressors (National Research Council, 1992; Márquez et 
al., 2013). An inspection of subjects’ physiological stress response would be useful to confirm 
the efectiveness of the stressor paradigm and whether efects difer between age groups. This 
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would also provide another opportunity to examine whether early-life stress is in fact more 
impactful than stress in adulthood. One avenue for future work would thus be to compare the 
neurobiological effects of age-dependent stress on the brains of animals in both S and NS 
conditions. 
 In sum, the present research demonstrated morphine CPP in al animals regardless of 
stress or age conditions. The lack of significant findings for the between-groups factors may be 
related to the particular stress paradigm used, or perhaps to the varying intervals between stress 
and conditioning that were necessary to observe drug reward during adulthood. The results are 
dificult to interpret without further work and should be expanded with additional research 
investigating the influence of time between stress and conditioning on morphine CPP as wel as 
the efectiveness of the eight-day, unpredictable TMT and EP stressor paradigm for animals of 
diferent ages. Until more research is completed to clarify these questions, the implications and 
conclusions of the curent work are limited. Further exploration wil help to expand our 
knowledge of the influence of age and stress on the place conditioning procedure as a measure of 
drug reward and perhaps lead to increased understanding of the factors involved in early-life 
stress and drug abuse in humans.   
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Table 1 
Number of Subjects in Each Condition  
Early-Adolescent 
Stress No Stress 
8 
8 
8 
8  
8 
8 
Mid-Adolescent 
Adult 
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Table 2 
Unpredictable Stressor Schedule (adapted from Márquez et al., 2013) 
Day Stressor 
1 EP only 
EP, TMT 2 
3 TMT, EP 
4 TMT only 
5 None 
6 EP only 
7 EP, TMT 
8 EP only 
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Figure 1. Seconds on the non-prefered side from pre- to post-test. Results indicated al subjects 
increased significantly in time on the non-prefered side from pre- to post-test. However, there 
were no statisticaly significant diferences between age groups within either test day.  
* indicates statisticaly significant diference from early-adolescent pre-test. # indicates 
significant diference from mid-adolescent pre-test. + indicates significant diference from adult 
pre-test. 
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Figure 2. Overal research design depicting seconds on non-prefered side from pre- to post-test 
by stress and age conditions.  
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Figure 3. Activity for drug by trial day. Morphine difered significantly from saline on trial days 
one, three, and four. Within morphine trials, day one difered significantly from days two, three 
and four; in addition, days two and three difered significantly from day four. Within saline 
trials, day one difered significantly from days two, three, and four. * Indicates statisticaly 
significant diference from saline control within trial day. # indicates significant diference from 
morphine trial one. + indicates significant diference from morphine trial two. △ indicates 
significant diference from morphine trial three. □ indicates significant diference from saline 
trial one. 
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Figure 4. Activity for trial day by age group. Within trial day one, the early-adolescent group 
difered significantly from the adult group. * indicates statisticaly significant diference from 
early-adolescent group on trial one. 
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Figure 5. Activity for the S and NS conditions by age group. Despite a significant interaction, no 
statisticaly significant comparisons were found in Tukey’s post hoc tests. 
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